Abstract: Ice hockey is a fast-paced sport played by increasing numbers of children and adolescents in North America and around the world. Requiring a unique blend of skill, finesse, power and teamwork, ice hockey can become a lifelong recreational activity. Despite the rising popularity of the sport, there is ongoing concern about the high frequency of musculoskeletal injury associated with participation in ice hockey. Injury rates in ice hockey are among the highest in all competitive sports. Numerous research studies have been implemented to better understand the risks of injury. As a result, rule changes were adopted by the USA Hockey and Hockey Canada to raise the minimum age at which body checking is permitted to 13-14 years (Bantam level) from 11-12 years (Pee Wee). Continuing the education of coaches, parents and players on rules of safe play, and emphasizing the standards for proper equipment use are other strategies being implemented to make the game safer to play. The objective of this article was to review the evaluation, management and prevention of common lower extremity youth hockey injuries.
Introduction
Every day is a great day for hockey. -Mario Lemieux Ice hockey is becoming one of the most popular sports played in North America. 1, 2 Already being the national sport in Canada, it continues to spread in the US as 358,000 players under the age of 18 were registered with the USA Hockey in 2014-2015. 3 Youth ice hockey leagues start as young as 5 years of age. Female ice hockey participation in the US has also increased significantly, with a sevenfold increase in registrants since 1993. 2, 3 At the international level, hockey is now played in 77 countries recognized by the International Ice Hockey Federation. 4 However, despite the growth and popularity of the sport, there are ongoing concerns about the high injury rates associated with ice hockey participation. 5 Injury rates are higher in games than in practice, 1, 6 and the risk of injury rises with increasingly higher level of play. 7 Ice hockey is associated with numerous dangers as players can reach speeds >25 mph on a solid sheet of ice, surrounded by unyielding boards. 8 They move a puck made of vulcanized rubber with a hockey stick made from wood or a composite. 9, 10 There are numerous collisions, many of them at high speeds. 9 Body checking has been shown in numerous studies to be responsible for up to 45-86% of injuries in youth hockey.
risk. The minimum age to allow body checking was raised from 11 to 13 years. 2 In addition, stricter enforcement of rules by the officials (Fair Play Program [FPP] ), appropriate standards for proper equipment and utility of education programs such as "Heads Up" and "Smart Hockey" have been implemented with success. With the rising popularity of ice hockey and its high injury rate, physicians will need to be more knowledgeable about the management and prevention of common injuries seen in young hockey players.
Epidemiology
Current estimates are that 13,000 hockey players of age 18 and younger will present to emergency departments in the US for injuries related to ice hockey. 13 The annual incidence of injury increased to 163% in those aged 9-14 (Squirt, Pee Wee and Bantam) and 85% among the 15-to 18-year-old group (Midgets, High School and Juniors) from 1990 to 2006 (Table 1) . 13 When comparing injury rates, numerous authors have reported a higher rate of injury with higher level of competition in ice hockey (Table 2) . [14] [15] [16] [17] Furthermore, injuries are much more common in games or competition as opposed to practice 6, 15, [18] [19] [20] with some studies reporting a 20-25 times greater chance of injury during a game than in practice. A recent epidemiological study reported injury rates in boys' high school hockey to be 23.2 per 10,000 athlete exposures. 17 Ice hockey is second only to American football in rates of head injuries and fractures in high school athletes. [21] [22] [23] Concussions and extremity contusions are the most common injuries encountered. 7, 17, 24 Time lost from the ice can be significant in youth ice hockey, but the majority of injuries result in <3 weeks missed from activity.
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Risk of injury from body checking
There has been considerable controversy over the proper age at which to introduce checking into the sport of ice hockey. 1, 25, 26 Recent rule changes have now raised the minimum age at which checking is permitted to the Bantam level (13-14 years old) ( Table 1) . The rationale to raise the age of checking to the Bantam level was that it would allow for further skill development and a decreased risk of injury. Several studies have demonstrated a clear increase of injury associated with body checking in youth hockey. 5, 7, 27 Other studies have highlighted a threefold increase in concussion rates in youth leagues that allowed checking at the Pee Wee level compared to leagues that did not. 5, 28 Another study of nearly 1,000 Canadian youth hockey players of age [9] [10] [11] [12] [13] [14] [15] [16] showed that 45% of all injuries were a result of body checking. 7 Further foundation for the move came as a result of studies showing a significant reduction (2.5 times) of health care utilization costs in programs in which body checking was not allowed. 29 The USA Hockey raised the age for checking to 13 (Bantam) in the 2011-2012 season, while Hockey Canada did not raise the age across all provinces until a body checking discussion meeting in 2014. 30 The American Academy of Pediatrics still contends that the recommended age to permit body checking is 15 years but that the skill of checking can be taught in practice starting at 13 years of age. 
Hip/pelvis
The hip and groin constitute one of the most common areas to sustain an injury in ice hockey players. Approximately 9% of all reported injuries over a single season among pediatric youth ice hockey players involved the hip, thigh or groin, with the prevalence increasing with age and level of play. 7 Injuries are often attributed to body checking; however, overuse injuries are becoming more predominant. 15, 31, 32 Ayeni et al 33 found that among pediatric and adolescent amateur ice hockey players, the most commonly reported hip injuries were muscle strains (50%) and contusions (28.3%) with noncontact injuries (40%) accounting for the leading cause of reported injuries. The unique mechanical demands of ice hockey along with the speed and body contact inherent to the sport make the hip prone to specific soft tissue and intraarticular injuries.
Adductor muscle strains
Chronic groin pain is a common entity in ice hockey players and can often be due to a multitude of etiologies, making it difficult to diagnose and treat. The most common cause of chronic groin pain is an adductor muscle strain. 34, 35 Adductor muscle strains are an injury to the muscle-tendon unit causing pain on palpation of the adductor tendons or at their insertion on the pubic bone, with or without pain during resisted 
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Youth ice hockey injuries adduction. Adductor muscle strains commonly occur in ice hockey due to the strong eccentric contraction of adductor muscles during the skating motion. 36 Proper treatment and rehabilitation can limit the amount of missed playing time and avoid surgical intervention. Restoring a balance between hip abductor and adductor strength with emphasis on strengthening the adductor muscle can also help to prevent these muscle strains in ice hockey players. 35 
Apophyseal avulsion injuries
The skeletal immaturity of adolescent athletes places them at an increased risk of sustaining apophyseal avulsion injuries, which are unique to the pediatric population. 37 Apophyseal avulsion injuries commonly occur with indirect trauma that occurs with sudden forceful contraction of muscles. The pelvic and femoral apophyses remain cartilaginous later than other areas of the hip, and the inherent weakness of the open apophysis places them at an increased risk of avulsion injuries. 38 Avulsion fractures can occur at the attachment site of major muscles, the most common being the anterior superior iliac spine (sartorius), anterior inferior iliac spine ( Figure 1 ) (rectus femoris), lesser trochanter (iliopsoas) and the ischial tuberosity (hamstrings, adductor magnus). 37 Treatment is often conservative with rest, ice and protected weight bearing with crutches; however, if there is significant osseous displacement, then surgical intervention can be considered. 39 Operative intervention can be considered for displaced fractures >2 cm on any view. Range of motion and stretching exercises can begin following rest and pain resolution. These injuries can require upward of 3 months to return to the ice. 
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Hip pointers
Hip pointers are iliac crest contusions that occur due to the compression of gluteal muscles against the iliac crest after falling or being checked into the boards. Hip pointers are hematomas that present deep below the skin or in the abdominal muscles due to the compression of the gluteal muscles against the iliac crest. 40 Patients can have significant pain with movements such as sneezing, coughing and running and are tender to palpation of the iliac crest. There is often concomitant swelling and/or bruising. 41 These injuries are usually self-limited and resolve with time. Conservative management using the Rest, Ice, Compression and Elevation (RICE) protocol can help alleviate symptoms and minimize the hematoma. Rest and reducing weight bearing by using crutches are also recommended in order to allow proper healing. 42 Plain radiographs can be used to rule out associated fractures.
Athletic pubalgia/"hockey groin syndrome"
Athletic pubalgia is another common cause of chronic groin pain in the adolescent and young adult skaters. It is caused by a tear or weakness of the posterior inguinal wall, characterized by pain that radiates to the adductor muscle and the groin region during sporting motions such as twisting or turning during a single-limb stance. 35 The most common physical findings include the following: local tenderness over the pubic tubercle, conjoined tendon and mid-inguinal region; a tender, dilated superficial inguinal ring; tenderness of the posterior wall of the inguinal canal; and pain with a resisted sit-up at the inferolateral edge of the distal rectus abdominis. 32, 43 "Hockey groin syndrome" was described by
Irshad et al 44 as another unique cause of groin pain in hockey players. It is characterized by the entrapment of ilioinguinal nerve branches in small tears of the external oblique aponeurosis. Pain often radiates to the hip, scrotum or back 32 and worsens with the slap-shot motion and during the first few strides of skating.
The clinical diagnosis of athletic pubalgia and "hockey groin syndrome" is largely based on the exclusion of other causes of groin pain. Magnetic resonance imaging (MRI) can show a cleft sign at the rectus abdominis/adductor aponeurosis about the anterior pelvis; however, these are common findings in asymptomatic athletes. 45 Most tests do not definitively confirm diagnosis, and physical exam findings can be subtle. 46 Moderate-to-severe symptomatic athletic pubalgia is often refractory to nonoperative management and will typically require surgical repair for relief of symptoms. 47 Surgical techniques are numerous and include open repair with or without mesh reinforcement, laproscopic repair with mesh and broad pelvic floor repair with possible adductor releases and neurectomies. In the case of hockey groin syndrome, groin exploration with ilioinguinal nerve ablation and reinforcement of the external oblique aponeurosis can be an effective treatment. 44 Postoperative rehabilitation should focus on stepwise exercise progression with an emphasis on core and lower extremity strength, stability, flexibility and balance. Walking can begin early with progression to jogging by 3-4 weeks. Regardless of surgical approach, there is an 80-100% return-to-play rate, with athletes returning to sport within 6-8 weeks of surgery. 43, 48, 49 Femoroacetabular impingement (FAi) FAI is the most commonly diagnosed cause of hip and groin pain in ice hockey players at all ages and levels of play. 32, 33, 50 Hockey players are predisposed to develop symptomatic FAI due to skating and hockey mechanics. Studies have shown that the hockey sprint start places the hip in two "at-risk" positions of abduction and external rotation during the initial push-off phase and flexion and internal rotation during the recovery phase at the end of the skating stride. 50 Repeated subclinical physeal injury during the skating motion could predispose ice hockey players to increased alpha angles (>55°) and a greater risk of developing Cam-type impingement. 51 This was found to be true not only in positional hockey players but also in goaltenders. Ross et al 52 found that goaltenders with symptomatic FAI often had a Cam-type deformity characterized by an elevated alpha angle (Figure 2A ) and loss of offset greater in magnitude and more lateral than positional players. This is attributed to the significant terminal 
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Youth ice hockey injuries hip range of motion required in the butterfly position and to make kick saves.
FAI is a major cause of hip pain, reduced range of motion during flexion and internal rotation and decreased performance in the athletic population. 32 Pain is often described in the anterior hip or groin and can often be misdiagnosed as sports hernia or adductor strains, which are common secondary injuries due to FAI. 53 The recurrent microtrauma and injury to the chondrolabral junction of the acetabulum due to Cam impingement, the most commonly diagnosed type in ice hockey players, also place the players at an increased risk of acetabular labral tears. Philippon et al 51 identified labral tears in 93% of asymptomatic youth hockey players, particularly in hockey players with alpha angles ≥55°. Injuries to the acetabular labrum can be asymptomatic or present as mechanical symptoms, restricted range of motion and persistent hip pain. Physical examination with the flexion, adduction and internal rotation test, conventional radiographs including an anteroposterior (AP) and Dunn lateral radiograph (Figure 2A and B) and MRI are the cornerstones in the diagnosis of FAI. If conservative management fails, arthroscopic resection of the Cam lesion and labral repair can be performed.
40,54
Knee
Medial collateral ligament injury/medial sided knee
Injury to the medial collateral ligament (MCL) is common in youth and amateur hockey, despite being one of the strongest ligaments of the knee (Figure 3) . 55 The MCL is susceptible to injury as a result of an ice collision causing a valgus stress to the knee or from a player catching a skate on the ice with a twisting force. 40 MCL injury can result in substantial time lost from the ice rink. 9, 55 There are three grades of injury to the MCL. Grade 1 injuries are mild sprains with a firm end point on valgus stress, Grade 2 injuries represent partial tearing of the MCL with <1 cm of opening and Grade 3 injuries are associated with significant opening on stress without end point and are consistent with a complete tear. Initial treatment for the MCL involves the RICE protocol and a hinged knee brace. Once the pain and swelling are controlled, the players work through a rehabilitation program emphasizing the stationary bicycle, which has been shown to be beneficial for MCL healing. 56 Return to the ice after MCL injury depends on the severity. To make the return to competition, the player must have regained motion and strength, stabilized on valgus stress of the knee and present with no knee swelling. Grade 3 MCL injuries may take up to 8 weeks before the player get back to playing, whereas most players with Grade 2 injuries can return to competition before a month (3-4 weeks). Grade 1 injuries are milder, and most can return to the rink before 2 weeks. Skaters with a Grade 3 MCL are recommended to wear a hinged knee brace or make a shin pad modification to help to prevent reinjury when they return to the ice. 
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Popkin et al should be consideration for a physeal fracture and not an MCL sprain. 57 Stress radiographic views of the knee or an MRI may be necessary in these cases to correctly make the diagnosis. Treatment for a physeal fracture in this population is different from the MCL sprain. Casting or a hinged knee immobilizer locked in extension is often required until healing. This usually takes between 4 and 6 weeks depending on the severity. Rehabilitation working on regaining motion and strength is then initiated as the first step to get these players back.
Foot/ankle
Skate bite "Skate bite" is a common ice hockey injury. It typically occurs at the start of a new hockey season in players with new or old skates. 58 Skate bite is the result of the tongue part of the ice skate being too stiff. The rigid part of the skate tongue then presses against the anterior ankle of the young hockey player. Skating then causes inflammation of the tibialis anterior tendon, and the player will complain of pain and swelling along the anterior part of the ankle. 42 Treatment for skate bite consists of placing a piece of foam or padding between the skate tongue and the anterior ankle. Nonsteroidal anti-inflammatory drug (NSAID) gel (diclofenac topical 1% gel) and ice can also be applied to the anterior ankle to help with the inflammation. Breaking in the skate by flexing the stiff tongue back and forth can also be helpful. Skate bite can be avoided by educating the players to work on the flexibility of their skate tongue before the start of the season.
High ankle sprain/syndesmotic injury
Another injury frequently seen in ice hockey players is the syndesmotic injury or high ankle sprain 9 that occurs as a result of the constraint of the ice skate. 32 A syndesmotic ankle injury can occur as a result of the high speed attained on the ice with the rapid change of direction, usually with an external rotation-type force. There is some evidence that syndesmotic injuries may make up a higher percentage of ankle ligament injuries in hockey players. 59 On exam, the player will have a positive syndesmotic squeeze test and may have difficulty with weight bearing. It is important to distinguish a high ankle injury as it can be associated with significant time lost from sport, as opposed to a low ankle sprain which rarely results in loss of ice time for hockey players. 59 The stiff ice skate may be protective for low ankle sprains but places the region just above the boot at risk for injury. Treatment depends on severity of the injury, but in the pediatric and adolescent athlete, the injury can usually be managed conservatively with immobilization, ice and physical therapy.
Boot top lacerations
A sharp skate blade can also cut an opposing player's leg right above the top of the skate. This is called a "boot top laceration" and can cause serious injury to the tendons and neurovascular structures in the lower leg from a seemingly innocuous and small skin laceration. 60 With any laceration of a player, a thorough neurovascular examination should be performed as misdiagnosis with this injury is not unusual. Players endanger themselves by turning the skate tongue downward, which can expose more of the lower leg. Kevlar socks can also be helpful in preventing this type of injury.
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Injury prevention
Several injury prevention initiatives have been implemented over the years in youth ice hockey with mixed results. While not the focus of this review, head and neck injuries comprise between 20 and 30% of reported youth ice hockey injuries. 22, 62 Mandatory use of face masks with helmets has been a passive prevention that has dramatically reduced the number of facial and eye injuries. [63] [64] [65] Research on the cause of neck and spinal cord injuries in hockey identified pushing or checking a player from behind head first into the boards as a major cause. 66 As a result, Hockey Canada implemented a major penalty for checking from behind (CFB) in the 1985-1986 season. 67 As a result of this rule and change and education programs aimed at increasing awareness of the dangers of CFB, the annual incidence of spinal cord injury is down but has not been eliminated. 67 Despite a decline in severe spinal cord injuries, the overall number of head and neck injuries in ice hockey remains very high, and additional interventions are necessary. 68 A recent summit on ice hockey injuries recommended a zero tolerance policy on hits to the head and fighting in a new action plan to help to reduce injury and sport-related concussion. 69 The following section will review some of the current safety strategies in youth ice hockey.
Proper equipment (helmet fit/wear)
Youth ice hockey players wear equipment from head to toe (the helmet down to their skates) when playing. There is a lack of literature verifying the merit of most ice hockey equipment; however, the speed of the puck, the use of a composite or wooden stick, the hard ice surface and rigid boards support the continued use of hockey equipment to protect from injury. 
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Youth ice hockey injuries education programs and behavioral modification Education programs have been implemented as an injury prevention tool in youth hockey in both the US and Canada. 68, 70 The first of these aimed to educate on the dangers of CFB. 68 Examples of these programs included the USA Hockey's "Heads Up Hockey", Massachusetts Medical Society's "Heads up, Don't Duck" and "Smart Hockey with Mike Bossy" from ThinkFirst Canada. 69 More novel approaches have even included using video games to embed educational content about the dangers of concussion in hockey. 71 Public perception is that these educational programs can be helpful to reduce injury in ice hockey, however the actual evidence to support the efficacy of these programs is not particularly robust. 72 A recent article reviewed the effectiveness of the "Smart Hockey: More Safety, More Fun" on knowledge transfer about the dangers of concussion and found an immediate improvement in concussion knowledge, but the effect was lost at the 2-month follow-up. 72 This article supports the findings of a systematic review that failed to find definitive evidence that educational programs were effective in preventing injury. 73 More work needs to be done to show that these educational interventions can be effective in lowering injury rates and in increasing knowledge retention in young hockey players.
Rule changes
The FPP was originally created based on the experimental work of vaz and has good potential to reward positive behavior and penalize dangerous unsportsmanlike conduct and behavior. 74 The FPP awards points to teams that display good sportsmanship and stay below a preset number of penalties in a game. 75 Results of the FPP have been mostly positive and encouraging. A study of FPP in Quebec youth hockey showed a significant reduction in penalties after implementation compared to youth leagues that did not follow FPP rules. 76 Use of FPP in a youth hockey tournament setting showed a reduction in penalty minutes, severe penalties and injury rate. 70 In Minnesota, introduction of FPP and implementation of no checking at the Pee Wee level resulted in a drop from 28 CFB penalties per 100 games to three per 100 games and hits to the head from 12 per 100 games to less than one per 100 games. 69 In Minnesota youth hockey, FPP is one of three components of the Hockey Education Program (HEP) that aimed to enhance skill development and sportsmanship and develop a fair play approach to the game of hockey. 75 HEP was launched in 2004 in direct response to the death of a youth hockey coach in a fight with a parent. The program showed a decline in penalties and an increase in fair play points achieved by teams during the four seasons studied. 75 Arguments against FPP point out that it may encourage teams to think they have an acceptable quota of penalties that they are entitled to in a game and that officials may limit penalties called in important or high-stakes games. 73 Furthermore, more work on the effect of FPP on reducing injuries, major penalties, CFB and hits to the head needs to be investigated.
ice rink size
In the early days of ice hockey, the game was played outdoors, and wooden barriers were used to keep the puck in play. 77 As the game evolved and turned into a spectator sport, hockey transitioned to an indoor sport played in ice rinks. . 78 Studies of the Canadian Junior Hockey League and another from the World Junior Championships have highlighted the inverse relationship between ice hockey rink size and collision rates and injuries per game. 78, 79 Presumably, players are getting bigger and faster, and increasing the ice surface can reduce injury rates by decreasing contact between the players. With the growing concern for concussions in youth ice hockey, some have advocated for playing the game on more international (61 m × 30.5 m) sheets of ice. 19 
Referees
Referees are responsible for enforcing the rules and are essential to promoting an environment of fair play. The Ice Hockey Summit on Concussion called for a zero tolerance policy with regard to hits to the head whether intentional or incidental. 80 " Loose officiating" or not enforcing the rules for safe play has been postulated as a cause of increased injuries. 81 A survey study of referees in Ontario revealed that 90% of referees have been the recipients of anger and aggression and >50% have been involved in a game where they felt they lost control of the game, promoting an aggressive style of play they felt was responsible for injury. This study highlights the importance of support for the referees and rigorous enforcement of infractions for all participants of both teams to promote fair play on the ice.
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Conclusion
Ice hockey is an exciting, fast-paced game with a high injury rate. Physicians taking care of youth hockey players should be familiar with the common lower extremity musculoskeletal injury patterns that result from play. FPPs and enforcement of the rules by officials can make the game safer to play and discourage CFB and other aggressive acts on ice which can increase injury. Increasing the size of the ice surface to international size may also help to reduce injuries on the ice. The goal is to ensure that our young hockey players heading to the ice rink have fun, improve their skillset and develop a desire and passion to make playing ice hockey a lifelong recreational activity.
